All rights reserved.
Introduction
Forensic anthropology has a varied array of means and methods to identify unknown commingled human remains (Iscan, 2008, kumar and Chandra, 2006) . It is the duty of a medicolegal expert to determine, to the best of his ability, the true identity of unidentified remains. The determination of stature is an important step in the identification of dismembered remains (Jason and Taylor, 1995) . Anthropometric techniques are commonly used by anthropologists and adopted by medical scientists to estimate body size for the purpose of identification (Ozaslan et al., 2003) .
With the escalating frequency of causalities resulting from mass disasters, identification of victims' biological profile becomes relatively inaccurate. Over the past 20 years, many studies have been conducted in forensic anthropology to assess and estimate stature of different parts of the body to be able to identify victims (Komar and Buikstra, 2008 ).
There are two major methods of stature estimation in forensic investigations; the anatomical and the mathematical methods. The anatomical method involves the direct reconstruction of stature by measuring and adding together the lengths or heights of a series of contiguous skeletal elements from the skull through the foot. This method has proved to be more accurate to estimate the stature of victims of natural disasters, where the corpses are sometimes unidentifiable (Krishan et al., 2012) .
The mathematical method uses regression formulae (or ratios) based on the correlation of individual skeletal elements to measured stature. Long bone regressions produce the most accurate estimations, as long bones are the elements most highly correlated to total stature. Human proportions vary systematically between populations and so the most accurate mathematical estimates of stature will be obtained when the population being investigated is as similar as possible in proportions to the population used to create the formulae (Holliday, 1997, Holliday and Ruff, 1997) .
Long bones were extensively used for this purpose; yet, long bones are often recovered in various states of fragmentation in forensic and archaeological practice. Therefore, the excellent tables relating long bone measurement to stature do not help. So, the use of other methods become necessary for estimating stature in forensic investigations involving disarticulated and/or incomplete fleshed human remains. (Terazawa et al., 1990) .
The aim of the present study was to assess the reliability and accuracy of using anthropometric hand measurements for the estimation of stature among some Egyptian population. Also this study was conducted to evaluate the possible use of handprints measurements for accurate stature estimation as prints are commonly found at crime scenes and to develop regression equations to be used as population -based standards for stature determination.
Subjects and methods
After obtaining the approval of Ethics Committee, the study was conducted on 200 apparently healthy adults including students and employees (100 males and 100 females) in the age group of 21 to 45 years. All people in this study have attained their maximum growth and therefore attained their maximum length of different body parts (Agnihotri etal., 2008) . The study was carried out at Forensic Medicine and Clinical Toxicology Department, Faculty of Medicine, Alexandria University during the academic year 2012-2013.
Right handed persons (i.e. right hand is the dominant hand) were only included in the present study. Subjects were given an information sheet and were required to sign a consent form before participating in this study.
Stature of each subject was recorded. Height (stature) of the subject was measured in standing posture bared head and foot. The subject was instructed to stand on the board of a standard stadiometer with both feet in close contact with each other, trunk braced along the vertical board, and head oriented in ear-eye plane by keeping the lateral palpebral commissure and the tip of auricle of the pinna in a horizontal plane parallel to the feet. The measurement was taken in centimeters by bringing the horizontal sliding bar to the vertex.
A flatbed scanner (CanoScan LiDE 110) was used to acquire images (400 dpi) of the hands, which were then converted to handprints. To obtain the most accurate approximation of a handprint the scanned images were edited using the Adobe Photoshop1 software package (CS5 extended Version12.); this involves image conversion to grey-scale and adjustments to brightness and contrast. The resultant images of the hands and handprints are then measured using the ruler in the same Photoshop program.
A set of 8 hand dimensions were taken (figure 1).
Each linear measurement were expressed in centimeters. (Robbins,1986) . The study also included 8 handprints measurements (Figure 2 ) . The definition of the handprint measurements are the same as those provided for the anthropometric measurement of the hand, with the exception of handprint breadth (HPB) and handprint length (HPL) as it is not possible to locate the skin or bone landmarks required to define those measurements. Therefore handprint breadth (HPB) was measured as a distance from the most laterally projected part of the palm print at the 2nd metacarpal to the most medially projected part of the palm print at the distal transverse crease. Handprint length (HPL) was measured as a distance from the baseline of the print (transverse line from the most inferior point of the medial border of the palm to the tip of the middle finger (measurement were modified from a technique based on footprints (Robbins, 1986) .
Exclusion criteria
Measurements were repeated twice and the mean was recorded. 
Statistical parameters: (Chan, 2004)
Data were subjected to statistical analysis using statistical package for social sciences (SPSS) for identifying differences between both sexes regarding the studied parameters. Arithmetic mean, standard deviation, for comparison between two groups t-test was used for parametric data. The correlation coefficient was used to determine the association between two variables. The level of significant was 0.05. Linear regression analysis was performed in which individual variables of hand and handprints measurements were regressed against stature.
Furthermore, multiple regression analyses were also performed in which combinations of these variables were regressed against stature. From the analyses, Pearson's correlation coefficient (r) and standard error of estimate (SEE) were obtained. The SEE predicts the deviations of estimated stature from the actual stature. The reliability of stature estimation from bones by using regression equations is given by standard error of estimate (SEE). A high value of the standard error of estimate (SEE) indicates a low degree of accuracy.
Results
The descriptive statistics for age and stature, in both males and females are shown in table 1. There was no statistical differences between males and females as regards age where P= 0.403. The mean male measured stature was 176.17± 5.80 and the mean female stature was 161.84±5.55. A statistically significant difference was found between males and females as regards stature where p=0.0001 Table ( 2) shows comparison between right and left hand measurements. There is no statistically significant differences between left and right hand measurements in both gender where P >0.05 for all measurements.
Using student" t" test, significant sex difference are found for all studied parameters between males and females where P ≤ 0.05 for all measurements (table 3) . Table ( 4) displays correlation coefficient (r) between stature and different measurements used in this study.
All hand measurements in both males and females are significantly correlated to stature (P≤0.5). It was observed that hand length in males and females showed the highest correlation with stature (r= 0.517 and 0.781 respectively). This is followed by middle finger length in females (r=0.758) and thumb length in males (r= 0.516).
Correlation coefficients are higher in females than in males as regards all measurements except for hand breadth. On the other hand, table 4 shows that all hand print measurements are correlated with stature in both males and females (P≤0.05) except for handprint breadth (P=0.38 in males and 0.183 in females).
Also it was observed that the variables that are strongly correlated with stature were handprint length followed by index print length in females (r=0. 741 and 0.653 consequently) while in males the variables most correlated with stature are thumb print length and palmprint length (r=0.514 and 0.488 consequently).
Table (5) and (6) illustrate the linear regression equations of stature estimation from different hand and hand prints measurements in both sexes. The tables also show the standard error of estimation (SEE). For hand measurements, it ranges between 1.3 to 2.16 in males and between 0.978 and 2.45 in females.
For hand prints measurements, the SEE ranges from 1.211 to 2.522 for males and 0.98 and 2.98 for females.
Table (7) and (8) present multiple regression equations for estimation of stature from different combinations of measurements in both sexes.
It is observed that multiple regressions revealed nearly similar value of SEE in both sexes to that obtained by linear regression equations. SEE in males is 1.33 for hand measurements and 1.61 for hand print measurements and in females it is 1.11 for hand measurements and 1.19 for hand print measurements.
Comparison between actual stature and the estimated ones showed non-statistical significant differences where p ≥ 0.05 for hand and hand print measurements (Table 9 ). 
SEE= Standard Error of Estimate

Discussion
Stature estimation is an important step in the identification of dismembered remains. Anthropometric techniques are commonly used by anthropologists and adopted by medical scientists to estimate body size for the purpose of identification (Ozaslan et al., 2003 , Wilson et al., 2010 . Many studies have been conducted to determine stature by taking measurements of long bones and radiographic materials (Madkour and Hamimi, 2009, Mall et al., 2001) .
Although some attempts were made for estimating stature from the hands and metacarpal lengths (Abdel-Malek et al., 1990-Habib and Kamal 2010) , fewer studies based on hand prints measurements have been reported (Ahemad and Purkait 2011, Ishak et al., 2012) .
It is commonly accepted that anthropometric standards vary among different populations and have to be constantly renewed to cope with temporal changes (Mall et al., 2001) . So, in spite of the fact that hands and handprints dimensions have been previously used for stature estimation in other studies (Ahemad and Purkait 2011, Ishak et al., 2012) , in this study it has been assessed among some adult Egyptians for the first time to develop population based equations for stature estimation.
In the present study, males show higher means values in all measurements i.e. stature, hand length, hand breadth etc. than females. Similar results were obtained by Krishan and Sharma, (2007) where they found a statistically significant difference between mean males and females' hand measurements. These statistically significant differences may be attributed to the early maturity of girls than boys; consequently, the boys have two more years of physical growth.
To test for bilateral asymmetry, it was found that no statistically significant differences between right and left hand measurements. As the difference was found to be insignificant, either left or right hand measurement could be used. Similar results were obtained by Lazenby (2002) , who found no dominant effects due to hand sidedness although it has been reported that right hand geometric parameters being larger than those observed on the left hand.
Also Habib and Kamal, (2010) found a statistically non-significant bilateral difference as regards hands measurements. In contrast to the findings of the present work, Krishan and Sharma, (2001) found a statistically significant bilateral difference as regards hand length. Also Ishak et al., (2012) found that hand breadth was the only variable in a significant manner between right and left hand measurements. In this study as regards hand measurements , it was observed that stature correlated significantly with all variables in both sexes and it was found that hand length has the strongest correlation to stature. Similar results were obtained by Ishak et al; . Also Habib and Kamal, (2010) found that correlation coefficient of hand length are higher than that of the phalanges in both sexes.
As regards handprints measurements, it was found that handprint length has the strongest correlation to stature in females while thumb print length showed the strongest correlation among males. The findings of the present study were similar to those of Ishak et al., (2012) as regards female handprint length while it was different as regards males where they found that also handprint length has the strongest correlation to stature. Thus, hand length is a good parameter for estimating stature. On the other hand, Ahemad and Purkait, (2011) obtained a statistically insignificant relation between latent hand prints measurements and stature in Indian population.
In this study, the standard error of estimate for all male individual variables ranged from 1.3 to 2.5 cm and that of all female variables ranged from 0.978 to 2.98 cm. This range is lower than that obtained by Ishak et al; who recorded an error that ranged from 4.74 to 6.27 cm for male variables and 5.10 to 6.22cm for female variables. This difference could be explained on the basis of regional and racial variations.
Several studies were also conducted on other skeletal bones for the purpose of stature estimation and the SEE was higher than those of the present study as follows:
Mohanty, (1998) studied stature estimation from percutaneous tibial length and a SEE ranged between 2.87 and 3.44 cm was obtained. The standard error of the estimate obtained in this study was also lower than that obtained in the study of El-Meligy et al., (2006) . They obtained an error ranged from 6.51 to 8.24 cm on using tibial length for formulation of an equation to be used for stature estimation among adult Egyptians. Also they obtained, in the same study, an error ranging from 4.12 to 6.5 upon using bimalleolar breadth for the same purpose. Another study was conducted by Zeybek et al., (2008) on the foot and an error ranging from 3.8 to 10 cm was obtained.
Madkour and Hamimi, (2009) calculated stature estimation among adult Egyptians from sacral and coccygeal vertebrae with SEE ranging from 3.98 to 6.71 cm in males and 3.98 to 7.22 cm in females, whereas Habib and Kamal, (2010) obtained a standard error of estimate (SEE) ranged between ±5.30 and ±7.27 for males and between ±4.54 and ±5.48 for females by using hand and phalanges length. Also, Zaher et al.,(2011) studied stature estimation from metacarpal bones of Egyptians with a standard error of estimate (SEE) ranged from 4.53 cm to 4.71 cm for males and from 5.45 cm to 5.87 cm for females.
In this study, females showed a higher correlation coefficient than males in all studied variables except for hand breadth.
The results of the present work were similar to those obtained by El-Beshlawy and El sheikh, (2003) who studied stature estimation from skull dimensions where females showed higher correlation coefficient than males.
Numerous studies have shown that regressions equations derived from combination of variables present with lower standard error of estimates compared with those obtained from a single variable (Pelin et al., 2005 , Dayal et al., 2008 . In contrast to these findings, a nearly similar SEE was obtained in the present work using multivariate regression equations for stature estimation from hand and handprint measurements.
Consequently, it was concluded that accurate determination of hand and handprint measurements could be done using scanning and Photoshop programs which are simple, reliable and practical methods. Hand and handprint measurements are considered a good source for estimating stature in forensic practice among adult Egyptians.
Recommendations
Based on the present study, the following recommendations are proposed:
− 
